Context: Community associated methicillin resistant Staphylococcus aureus (CA-MRSA) cause serious skin and soft tissue infections including necrotizing fasciitis and necrotizing pneumonia. Production of Panton Valentine Leucocidine (PVL) toxin is implicated in its enhanced virulence. A variant of epidemic MRSA-15 (EMRSA-15) which produces PVL toxin has been isolated and characterized by pulsed-fi eld gel electrophoresis (PFGE) method from the Indian population both in hospital and community settings. Aims: Identify the epidemiological type of MRSA colonizing the anterior nares of school children in Udupi taluk. Settings and Design: The study population included children of the age group of 5-16 years belonging to the Udupi taluk of Karnataka, India. A total of 1503 children were screened for MRSA colonization during July 2009 to December 2010. Materials and Methods: PVL assay, Staphylococcal Cassette Chromosome (SCC) mec typing and PFGE typing were carried out with all the MRSA isolates. Statistical Analysis Used: Frequency distribution of different variables was assessed by SPSS. Results: Among the 1.1% of MRSA, 58.8% (10/17) of isolates were positive for pvl and 41.7% (7/17) were identifi ed as SCC mec type IV. PFGE patterns of all the strains were identical with Indian variant EMRSA-15; however they were different from classical EMRSA-15 in 3-4 bands. Conclusions: The Indian variant EMRSA-15 gains much epidemiological relevance owing to the acquisition of pvl gene. In spite of low prevalence of nasal colonization of MRSA, emergence of the virulent Indian variant EMRSA-15 in our community is a worrisome fact to be reckoned with.
CA-MRSA strains susceptible to non-betalactam antibiotics was a reckonable observation when noticed in the last decade of the 20 th century. The importance of such strains was underscored by the 1999 report detailing the deaths of four US children with invasive MRSA infection while, none of them had identifi able MRSA risk factors. [3] Existence of such strains have been noticed in adult Indian population as well at least by some of the researchers. [4] Pulsed fi eld gel electrophoresis (PFGE) typing of the isolates confi rmed that these community strains were distinct from nosocomial strains isolated from patients in local hospitals.
CA-MRSA strains display enhanced virulence, spreading more rapidly and causing illness much more severe than traditional HA-MRSA. They can affect vital organs and lead to widespread infection like, toxic shock syndrome, necrotizing fasciitis and necrotizing pneumonia leading to high rates of morbidity and mortality. [5] This is thought to be due to toxins carried by CA-MRSA strains, such as Panton Valentine leucocidine (PVL). It is a bicomponent exotoxin released from some strains of SA encoded by pvl gene. It destroys white blood cells (WBC) and it is an important virulence factor. The role of PVL in necrotizing pneumonia has been proved by a murine model of acute primary pneumonia. [6] During 1990s epidemic methicillin resistant SA-15 (EMRSA-15) emerged in the hospital settings as
Introduction
Staphylococcus aureus (SA) is an important agent causing variety of skin and soft tissue infections in human beings. If the strain is methicillin resistant, the complications and consequences are much higher. Methicillin resistant SA (MRSA) has got special importance because they are resistant to all types of betalactam antibiotics. In the past decade the incidence of both community associated (CA) and hospital associated (HA) MRSA infections have increased.
per the reports from UK. Later, this classical EMRSA-15 has been isolated from community settings as well and characterized as staphylococcal cassette chromosome mec (SCC mec) type IV community associated MRSA (CA-MRSA). SCC is a unique genomic island that harbours mecA gene which is responsible for methicillin resistance in SA. [7] Majority of the CA-MRSA causing infections in Indian subcontinent have been identifi ed as SCC mec IV. [8] [9] [10] A variant of EMRSA-15 which produces PVL toxin has been isolated and characterized by PFGE method from the Indian population both in hospital and community settings. [9, 11] In addition to the methods such as SCC mec typing and PVL assay, the highly discriminating PFGE technique was also employed to ascertain the chances of the Indian variant strain of EMRSA-15 making its presence in the region under study. [9, 11] Epidemiological typing of the infectious agent can be considered as one of the important weapons in the armamentarium of the infection control specialists as this pin points the epidemiological clone of MRSA prevalent in the community. Unfortunately there is not much published data available about the epidemiological type of MRSA colonizing the children from this part of the country. So the objective of this current study was to characterize the MRSA strains colonizing the anterior nares of school children from Udupi taluk, Karnataka, India by PVL assay, SCC mec typing and PFGE typing.
Materials and Methods
A community based cross sectional study was conducted in selected schools of Udupi taluk, Karnataka state, INDIA. Nasal swabs from 1 cm inside the anterior nares of both nostrils from 1503 school children of the age between 5-16 years were collected using sterile cotton swabs (Hi Media, India) during July 2009 to December 2010.
Institutional ethics committee clearance was obtained prior to the study. Since the subjects were minors, informed consent was taken from their parents/guardians.
Each swab was inoculated in to blood agar (BA) and mannitol salt agar (MSA) and incubated at 37 o C aerobically. Confi rmed colonies of SA were inoculated onto Muller Hinton Agar (MHA) containing 4% sodium chloride and 6 g/ml of oxacillin. Growth of one or more colonies of SA in this medium was considered as MRSA. During antibiotic susceptibility testing, susceptibility to 30 g cefoxitin was also tested. A zone diameter of ≤19 mm is considered as resistance and confi rmed as MRSA. [12] All the MRSA isolates were initially characterized based on their antibiotic susceptibility pattern and urease production and were typed by the presence of pvl gene, SCC mec typing and PFGE patterns. PVL assay was carried out by a polymerase chain reaction (PCR) based method as described by Lina et al. [13] Genes responsible for PVL production (pvl) were determined using Luk F PV and Luk S PV primers. The primers used were 5' ATCATTAGGTAAAATGTCTGGACATGATCCA 3' and 5' GCATCAASTGTATTGGA 3' respectively. DNA was extracted from each strain of MRSA by phenol chloroform extraction method and the expected amplifi ed product size was 433 bp. SCC mec typing was performed by a multiplex PCR method published by Milheirico et al. [14] The common CA-MRSA types like SCC mec type IV and V were only included in the assay. Total of 5 primers were included in the initial PCR which were to amplify the genes necessary to identify and differentiate SCC mec type IV and V. All the SCC mec types IV were reconfi rmed for presence of insertion sequence IS 1272 by a different single locus PCR. Details of all the primers used in SCC mec typing are shown in Table 1 . Selected strains were subjected to PFGE after Sma I restriction digestion according to the protocol [9] The reference strains such as ATCC 43300 (PVL negative MRSA), WCH 1000 (SCC mec type V strain), USA 300 (SCC mec type IV (PVL positive)), NCTC 8325 (HA-MRSA) and NCTC 13142 (Classical EMRSA-15) were included in the study. Frequency distribution of different types of MRSA like; PVL positive, SCC mec IV and V were analyzed using SPSS 16.0.
Results
SA was isolated from 441 children out of 1503 subjects screened and the prevalence of SA colonization was estimated as 29.3% (95% CI 27, 31.6). The MRSA colonization was seen in 17 (1.1%) children with a 95% CI 6, 17.
All the MRSA strains were susceptible to the non-betalactam drugs tested and 47.1% (8/17) of them were positive for urease test. pvl gene was detected in 59% (10/17) of MRSA isolates [ Figure 1 ].
Strains that possessed ccr B2 (at 311 bp), dcs (at 342 bp) and mecA (162 bp) gene were identifi ed as SCC mec type IV. SCC mec type V possessed ccr C gene at 449 bp J1 region at 377 bp position with mecA gene. Among the MRSA isolates seven strains were found to be SCC mec type IV [ Figure 2 ] and none of them were type V. All the type IV strains were further confi rmed with IS 1272 PCR assay and all of them possessed IS 1272 which was evidenced by the presence of a band at 1.4 kb position after PCR. PFGE was performed with 4 strains of MRSA. The banding pattern of all our isolates resembles a variant of EMRSA-15 which was isolated and identifi ed as an Indian variant of EMRSA-15 earlier. [8, 11] This variant isolate was included as a reference strain in this study. The PFGE pattern of these current strains and the Indian variants differed from the classical EMRSA 15 by 3-4 bands and was closely related to it [ Figure 3 ].
Discussion
HA-MRSA is considered as multi drug resistant while CA-MRSA in general shows resistance only to beta lactam antibiotics such as penicillin and cephalosporin groups. This is attributed to the low number of drug resistance gene harbored by the short SCC mec (21-25 kb) element of CA-MRSA compared to the large cassettes (34-67 kb) of HA-MRSA. [15] The resistance pattern of all the current study isolates are characteristic of CA-MRSA type. Emergence of CA-MRSA as a health care associated pathogen is a challenging issue. This was even pointed out by Seybold et al., in one of their reports. [16] A recent report by Dhawan et al., adds more strength to this alarming fact as they noticed the emergence of SCC mec type IV and V clones of MRSA in an Indian hospital. [17] Boucher et al., in their review article exemplifi ed a case of multi-drug resistant CA-MRSA infection. [18] Major consequence of such infections is the treatment failure. A soothing fact to be noted here is the absence of such multi-drug resistant MRSA in our study settings. This indicates that neither HA-MRSA has invaded into our community settings nor CA-MRSA has acquired multi-drug resistance genes.
When it comes to the question of molecular type of MRSA colonizing the children in this study area, a large proportion (59%) has been found to be producing PVL toxin. It is a matter of immediate concern that needs to be addressed effectively, lest it should become a threat to the control of infectious diseases. A regular screening of children for MRSA colonization at the time of hospitalization would go a long way in controlling the spread of such infections. PVL production though not a unique feature of MRSA, the virulence associated with it is suffi cient to cause severe skin and soft tissue infections such as necrotizing fasciitis or necrotizing pneumonia. [11, 19] Occurrence of a signifi cant proportion PVL positive CA-MRSA, utmost care and caution need to be exercised in dealing with the MRSA carriers. A much welcome approach would be to include PVL detection also as an integral part of the routine diagnostic panel of MRSA infections.
SCC mec typing has become more popular and accepted molecular typing technique among microbiologists and epidemiologists as a method to discriminate HA and CA-MRSA types. Employing this technique we could detect 41% MRSA strains from the anterior nares of school children classifi ed as SCC mec IV with a total absence of type V.
DNA fi nger printing by PFGE is considered as the 'gold standard' test for epidemiological typing of MRSA which normally is adopted in outbreak investigations of infectious diseases, thanks to its high discriminating power, reproducibility and reliability. [20] Only four random selected strains were subjected to the above mentioned method. The classical EMRSA-15, NCTC 13142, NCTC 8325 and an Indian variant EMRSA-15 isolated at Bangalore [8] were used as reference strains. The rationale for selecting EMRSA-15 as one of the references was the recent reports on the emergence EMRSA-15 infections in South East Asian countries. [8, 9, 21, 22] None of the strains studied were identical to NCTC 8325 strain (HA-MRSA) in their PFGE pattern. However, the strains can be assigned as the Indian variant EMRSA-15 in spite of there being a variation in only 3-4 bands of the classical EMRSA-15 (NCTC 13142). Almost all the CA-MRSA isolates (6/7) collected from the school children belonged to the urease non-producing category, an observation which has been well recognized [23, 24] as a feature of EMRSA-15.
The fi ndings obtained so far bear ample testimony to the fact that all MRSA strains endemic in this region (Udupi taluk) originally belonged to a single clone identical to the Indian variant of EMRSA-15 irrespective of the source. The epidemiological signifi cance of the latter gets enhanced through the acquisition of pvl gene. Perhaps, the minor difference in the banding pattern of current study isolates in comparison with those of classical EMRSA-15 in PFGE, accounts for the probable genetic changes that the strain would have inherited during the evolution process.
Emergence of the virulent Indian variant EMRSA-15 in our community is a worrisome fact to be reckoned with, notwithstanding the low prevalence of nasal colonization of MRSA (1.1%). It is necessary to take actions to prevent the spread of this virulent CA-MRSA by destroying them at the source itself. This can be achieved by decolonizing carriers using mupirocin ointment. Quarantining and decolonizing the carriers identifi ed by conducting regular screening programmes for inpatients in hospitals will also be a good measure to prevent the spread of such CA-MRSA infection. Highly organized precautionary measures like usage of hand rubs and periodic screening for carriers of MRSA among health care professionals are warranted for an effective control of the spread of these deadly strains, in the light of the fi ndings evolved from this epidemiological study.
